The authors sought to determine the relationship of panic attacks, cigarette smoking, and neuroticism.
Pr evious data have suggested that panic attacks and cigarette smoking co-occur more frequently than would be expected by chance. While the mechanism of this association remains unknown (1) (2) (3) (4) (5) , several hypotheses have been offered. It is possible that cigarette smoking, which some believe has anxiolytic properties, is an attempt to self-medicate anxiety (6, 7) . It is also conceivable that the use of cigarettes leads to the onset of anxiety (e.g., panic attacks) through respiratory changes or nicotine-induced effects (1, (8) (9) (10) . Alternatively, it has been hypothesized that this co-occurrence reflects an underlying shared etiologic vulnerability for both cigarette smoking and panic.
Previous epidemiologic studies have found a higher risk of panic disorder in early adulthood among those who smoke cigarettes during adolescence (1-3), offering support for the hypothesis that cigarette smoking may increase the risk of the development of panic and other anxiety disorders (2, 3) . In contrast, other population-based studies have shown that anxiety and depression increase the risk of cigarette smoking among adolescents, potentially reflecting self-medication (5) . Previous studies, however, have focused relatively little direct attention on the alternative hypothesis that there is a third factor, a possible shared (genetic or environmental) vulnerability for both panic and cigarette smoking that underlies their association. Personality traits are one factor that might contribute to the risk of both panic attacks and cigarette smoking (11, 12) . For instance, neuroticism, and its relationship to cigarette smoking, has been examined in several clinical, epidemiologic, and genetic studies (13) (14) (15) (16) (17) (18) . Epidemiologic study data on adults (17) and adolescents (18) support a connection between smoking and neuroticism, as have data from clinical samples (14) and twin studies (19) . Other unrelated studies have found that both panic disorder and infrequent panic attacks are associated with neuroticism as well (20, 21) .
To date, no previous study to our knowledge has investigated the relationship between panic attacks, cigarette smoking, and neuroticism. Given that previous studies have suggested a two-way link between each of these three potential factors, the current study was undertaken to investigate whether neuroticism is associated with a higher risk of the co-occurrence of panic attacks and cigarette smoking. The three main objectives of this investigation were to determine 1) the relationship between cigarette smoking and panic attacks among adults in the population, 2) whether neuroticism acts as an effect modifier in the relationship between panic attacks and cigarette smoking, and 3) whether neuroticism is an independent predictor of the co-occurrence of cigarette smoking and panic attacks. We hypothesized that cigarette smoking would be associated with a higher risk of panic attacks in the presence, but not in the absence, of a high level of neuroticism. We also predicted that neuroticism would be an independent predictor of the co-occurrence of cigarette smoking and panic attacks among adults in the general population.
Method

Sample
The Midlife Development in the United States Survey is a nationally representative survey of 3,032 persons aged 25-74 years in the noninstitutionalized civilian population of the 48 coterminous United States (22, 23) . The survey was carried out by the John D. and Catherine T. MacArthur Foundation Research Network on Successful Midlife Development between January 1995 and January 1996. All respondents completed a 30-minute telephone interview (70.0% response rate) and filled out two mailed questionnaires estimated to take a total of about 90 minutes to complete. Among the subgroup of telephone respondents, there was an 86.8% response rate for an overall response rate of 60.8%. The data reported here were weighted to adjust for differential probabilities of selection and nonresponse. More details on the survey design, field procedures, and sampling weights are available elsewhere (22, 23) .
Assessment
Diagnoses. Psychopathology among the survey respondents was assessed by using the Composite International Diagnostic Interview Short Form scales, a series of diagnostic-specific scales that were developed from item-level analyses of the Composite International Diagnostic Interview questions in the National Comorbidity Survey (24 Personality factors. Personality traits were assessed by using the Midlife Development Inventory (unpublished 1997 instrument of M.E. Lachman and S.L. Weaver), which was developed from the results of a pilot study that had a probability sample of 1,000 men and women aged 30-70 (574 valid cases were usable for item analysis) (26) (27) (28) (29) (30) . Items with the highest item-to-total correlations and factor loadings were selected for the instrument. Forward regressions were also run to determine the smallest number of items needed to account for over 90% of the total scale variance. The Midlife Development Inventory assesses five personality traits: agreeableness (scale items: helpful, warm, caring, softhearted, and sympathetic; alpha=0.80); openness to experience (scale items: creative, imaginative, intelligent, curious, sophisticated, and adventurous; alpha=0.77); conscientiousness (scale items: organized, responsible, hardworking, and [not] careless; alpha=0.57); extroversion (scale items: outgoing, friendly, lively, active, and talkative; alpha=0.78); and neuroticism (scale items: moody, worrying, nervous, and [not] calm; alpha=0.74). The alphas are based on the Midlife Development in the United States Survey national sample.
Cigarette smoking. All subjects were asked about current and past smoking habits. A history of regular cigarette smoking was defined by an affirmative response to the question, "Have you ever smoked cigarettes regularly-that is, at least a few cigarettes every day?"
Analyses
First, Pearson's chi-square tests were used to determine differences in demographic characteristics and rates of comorbid major depression, generalized anxiety disorder, and alcohol/substance use disorders among four mutually exclusive groups: 1) individuals who had never been regular smokers and had not experienced a panic attack (past 12 months), 2) those who reported having panic attacks but had never been regular smokers, 3) those who had been regular smokers but had never had a panic attack, and 4) those who had been regular smokers and reported having panic attacks. All tests were two-sided, and significance was set at 0.01. Next, multivariate logistic regression analyses were used to calculate odds ratios (with 95% confidence intervals [CIs]) of the association between panic and cigarette smoking after we adjusted for demographic characteristics, comorbid disorders, and neuroticism. Third, the relationship between neuroticism as an independent predictor of co-occurring cigarette smoking and panic attacks, compared with the risk of either without the other, after we controlled for demographic characteristics and comorbid mental disorders, was determined by using multivariate logistic regression analyses. Odds ratios (with 95% CIs) were calculated to assess the measure of association between neuroticism and each of these three conditions. Multivariate logistic regression analyses were then used to produce crude and adjusted odds ratios (with 95% CIs) describing the relationship between panic attacks and regular cigarette smoking after we controlled for sociodemographic characteristics, psychiatric comorbidity, and neuroticism. Interaction terms were included in separate models and the Breslow-Day test for homogeneity was used to examine evidence for interaction on the multiplicative scale. In order to evaluate whether the relationship between neuroticism, panic, and cigarette smoking is unique or a general personality effect, the other four of the "big five" personality factors were also tested. Additional analyses were run in order to determine whether these results were consistent with the use of current, rather than lifetime, cigarette smoking. Analyses were performed by using the statistical software package SPSS for Windows (31) . Only p<0.01 results are reported as significant in order to account for the large number of statistical comparisons.
Results
In terms of age, the subjects with no history of panic attacks or smoking (mean=44.5 years, SD=13.1), those who never smoked but experienced panic attacks (mean=48.8 years, SD=13.1), those who smoked but never experienced panic attacks (mean=47.7 years, SD=13.0), and those who smoked and experienced panic attacks (mean=42.7 years, SD=10.3) were significantly different (F=13.5, df=3, 2271, p<0.0001). Of the individuals with a history of panic attacks (N=146), the majority (81.1%) had been regular smokers at some point during their lifetime, which was significantly different from the smoking rate of those who never experienced panic attacks (69.4%) (χ 2 =9.0, df=1, p= 0.002). Individuals with panic attacks who were smokers SMOKING, PANIC, AND NEUROTICISM were more likely to be female and were less likely to be married compared with those without panic attacks (Table 1). Individuals who were smokers and had panic attacks also had significantly higher odds of having comorbid major depression than did those who smoked but never had a panic attack (F=72.1, df=1, 1594, p<0.01) . Of interest, all individuals with co-occurring panic attacks and alcohol/substance use disorders had been cigarette smokers.
Relationship Between Panic Attacks and Cigarette Smoking
Panic attacks were associated with a significantly higher likelihood of cigarette smoking (odds ratio=1.9, 95% CI= 1.3-2.9). The association between panic attacks and higher odds of cigarette smoking persisted even after analyses controlled for sociodemographic characteristics ( Table 2) .
The relationship remained significant after analyses controlled for comorbid mental disorders but was no longer evident after adjusting for neuroticism.
Neuroticism as a Predictor of Cigarette Smoking and Panic Attacks
Results of three separate multivariate logistic regression analyses, with neuroticism as the independent variable and the three indicator variables (panic without smoking, smoking without panic, co-occurring panic and smoking) as dependent variables revealed that neuroticism was not significantly associated either with panic attacks without smoking or with cigarette smoking in the absence of panic attacks. Neuroticism was an independent predictor of the co-occurrence of cigarette smoking and panic, even after we controlled for differences in sociodemographic characteristics and psychiatric comorbidity (Table 3 ). In other words, with every 1-point increase in neuroticism, the odds of co-occurring panic and cigarette smoking increased four-fold. None of the other personality traits showed similar effects. When these analyses were rerun using current rather than lifetime smoking, results of each analysis were consistent with those presented. Also, there was no statistically significant difference in neuroticism between those who were current and lifetime smokers.
Interaction Between Cigarette Smoking and Panic Attacks
Four additional multivariate logistic regression analyses were used to investigate the possible interaction between panic attacks, neuroticism, and cigarette smoking. Separate multivariate logistic regression analyses were run, each with an interaction term testing for interaction between regular cigarette smoking and each mental disorder. High neuroticism was the dependent variable in these models. Results showed evidence of interaction on the multiplicative scale for the relationship between cigarette smoking and panic in the odds of high neuroticism (Table 4 ). In contrast, there was no interaction between major depression, generalized anxiety disorder, or alcohol or substance use and cigarette smoking in the odds of high neuroticism.
Discussion
Consistent with previous findings, these data suggest that panic attacks are associated with a higher odds of cigarette smoking. They also introduce new evidence documenting this association in the absence of depression and alcohol/substance use disorders. Our results also revealed that the relationship between panic attacks and cigarette smoking was no longer evident after we controlled for neuroticism, indicating that there may be a synergistic relationship between high neuroticism and the likelihood of the co-occurrence of panic attacks and cigarette smoking. These results provide preliminary evidence suggesting that neuroticism may reflect an underlying shared vulnerability to the co-occurrence of cigarette smoking and panic attacks.
The mechanism for the observed association of neuroticism, panic, and cigarette smoking is not known. It might b Subjects who answered "yes" to the question, "Have you ever smoked cigarettes regularly-that is, at least a few cigarettes every day?" c Results of multivariate logistic regression analyses that adjusted for sociodemographic characteristics and comorbid major depression, generalized anxiety disorder, and alcohol/substance use disorders. Odds ratios greater than 1.0 indicate higher likelihood. *p<0.01. be that panic and smoking lead to a higher risk of the development of neuroticism, although most studies of personality would not support this hypothesis. Alternatively, it is possible that panic leads to a higher risk of cigarette smoking, or cigarette smoking to a higher risk of panic attacks, but only in the presence of a high level of neuroticism. It may also be that neuroticism reflects a separate trait (genetic or otherwise) that independently predicts the co-occurrence of panic and cigarette smoking through an unknown mechanism. While it is not possible to determine causality from these analyses, neuroticism is generally considered a lifelong, underlying trait and, as previous studies have suggested, may even have genetically determined influences. The results of our analyses, therefore, tend to support the hypotheses of self-medication or shared vulnerability rather than causality (i.e., that cigarette smoking and panic increase the risk of neuroticism).
One considerable limitation of our investigation is the use of cross-sectional data, which does not allow us to test for interaction on the additive scale because of lack of inability to calculate risk ratios. These data are also limited by the lack of information on age at onset of panic attacks, which would be of interest in examining the temporal relationship between onset of panic and initiation of cigarette smoking. The "onset," per se, of neuroticism is a variable unlikely to be considered objectively quantifiable, since the initiation of personality development onset may not be observable in the outbreak of symptoms, which is the usual manner that the onset of mental disorders is evaluated currently. The relationship between panic and cigarette smoking, which showed evidence of interaction on the multiplicative scale, reveals the possibility that a future study that is able to test for interaction on an additive scale could provide evidence of biologic synergism between these variables. The use of a large, nationally representative sample of adults, who were assessed with reliable instruments on a variety of characteristics, is a strength of this study. The lack of available information on other mental disorders that have been associated with cigarette smoking (e.g., schizophrenia [32] ) is another shortcoming of this study. Also, lack of data on lifetime panic attacks is a limitation of our analyses, since this necessitated the comparison of cigarette smoking (lifetime) and neuroticism (usually conceived of as lifetime [33] ) with current panic attacks (past 12 months), which may influence results. The consistency of our findings with the use of either lifetime or current smoking provides further support for these conclusions. However, it should be noted that this difference in time period could have an influence on our results.
Future studies that investigate this relationship in a prospective, longitudinal epidemiologic sample, throughout the lifespan, may be able to more directly address and provide answers to the remaining questions about the mechanism of association. Family and genetic studies looking at the association between neuroticism, panic, and cigarette smoking may also be useful in providing clues to a possible underlying inherited contribution to both smoking and panic. In light of previous data showing evidence of synergistic relationships between personality, smoking, and risk of various types of cancer and associated mortality (34, 35) , future studies that compare physical morbidity and mortality estimates and rates of cigarette smoking, panic, and neuroticism may also be of interest, especially in view of the higher-than-expected prevalence of cardiovascular disease-related mortality among panic disorder patients (36) , which may be associated with effects of cigarette smoking. Further work is needed to determine the mechanism of these associations.
